Wrong-side block is an uncommon yet potentially preventable complication of regional anaesthesia. One strategy for reducing the incidence of wrong-side block is to introduce an additional check into the pre-block workflow in the form of a block 'time out' or 'stop before you block'. In the aftermath of a wrong-side block incident at our institution, the mandatory use of a preblock safety checklist was successfully introduced into the workflow of the block room. Compliance with the checklist rose from 31% in the six-month pre-intervention phase to over 90% in the six-month post-intervention phase. This was achieved without any negative effect on block efficacy, theatre efficiency, complication rates or patient satisfaction. The high rate of checklist utilisation was associated with an increased rate of ultrasound video documentation. This suggests that there may be collateral benefit to using a pre-block safety checklist in addition to merely reducing the risk of wrong-side block.
1
. A national safety initiative, 'stop before you block' (SB4YB) was initiated in the United Kingdom in 2010. This campaign sought to reduce the risk of wrong-side block through a combination of increasing awareness, education, encouraging vigilance and introducing a SB4YB moment immediately prior to needle insertion 2 . Some authors have challenged the usefulness of the SB4YB campaign, given that there has been no demonstrable reduction in the rate of wrong-side blocks in the UK since its inception 3 . A mandatory pre-block 'time-out' policy similar to SB4YB also failed to reduce the rate of wrong-side blocks at a large institution in the United States 4 . A SB4YB (or similar) policy can only be successful if it is utilised as close to 100% of the time as possible.
Despite its simplicity, logic, and endorsement by the Australian and New Zealand College of Anaesthetists 5 , an attempt to introduce SB4YB at a major Australian teaching hospital resulted in a disappointingly low uptake of 57% 6 . Whilst many individual anaesthetists have incorporated SB4YB into their own practice, the challenge remains-how can such a system be scaled up and successfully implemented hospital-wide or even nationwide?
A wrong-side block incident occurred at our institution in July 2016. This served as a catalyst for a quality improvement project, with the goal of achieving a high compliance with an existing 'block service regional anaesthesia checklist' ( Figure  1 ). This institution-specific checklist is adapted from the ninepoint Universal Protocol proposed by the American Society of Regional Anesthesia and Pain Medicine in 2014 7 and includes a pre-block time-out moment analogous to SB4YB.
The mandatory introduction of a redundant check into an already complex system has the potential to cause distraction, delays and poor uptake due to checklist fatigue. So, whilst the primary aim of our project was to increase compliance with the checklist, an important secondary aim was to ensure that there was no associated negative impact on other measures of quality care. The majority of peripheral nerve blocks occurring in-hours at the Royal Brisbane & Women's Hospital are performed by a core group of regional anaesthetists, delivering a block room model of care 8 . Details of all procedures performed by the block room service are recorded in an electronic database for quality assurance purposes. All patients are followed up and data collected across five of the six domains of quality in healthcare 9 : safety (immediate and late complications, ultrasound video recording), effectiveness (pain scores in recovery, opioid use in recovery), patient-centredness (patient satisfaction, patient willingness to have repeat nerve block), efficiency and timeliness (theatre delays), and equitability. Block room anaesthetists hold monthly meetings where metrics from the block room database are reviewed and discussed in order to maintain a high-quality service. A block service regional anaesthesia checklist was developed when the block room was set up, however prior to this quality improvement project its use was ad hoc. Following a review of block room practices in light of the wrong-side block occurrence, an intervention was undertaken in August 2016 with the aim of increasing the rate of checklist use. Checklist usage was thus added to the list of quality metrics regularly recorded and reported on at these meetings.
Materials and methods
Several strategies were employed, with the overall aim of making the checklist a valued part of block room safety culture. First, the perceived cost of using the checklist, in terms of time and effort, was minimised by ensuring that it was immediately available and prominently placed in all locations where blocks were undertaken. Secondly, the perceived value of using the checklist was increased through an educational campaign highlighting the benefits of its use. Thirdly, consensus was reached that checklist use should be considered mandatory and recording use of the checklist was made a mandatory field on the block room database. Fourthly, all ultrasound machines were fitted with a SB4YB reminder. Finally, positive feedback was regularly provided to block room staff in the form of a monthly report of checklist compliance. This served to encourage continued usage of the checklist.
A clinical audit was undertaken to compare data from the six-month period prior to the intervention with the six months following. Only regional procedures performed by the block room service were included in the audit. The primary outcome was the rate of checklist completion. The checklist was deemed to have been completed if its use was self-reported in the block room database and a completed checklist was sighted in the patient's electronic medical record.
A target was set to achieve at least 80% compliance with the checklist. When setting this target, consideration was given to a previous study investigating the effect of the World Health Organization surgical safety checklist which reported a lower complication rate amongst patients when 80% or more of the checklist items were completed 10 . Whilst the two checklists are obviously not directly comparable, the implication that checklists are more likely to be successful when more frequently and accurately implemented is relevant.
The introduction of mandatory use of the checklist into block room culture would only be considered a success if its implementation was not associated with a negative impact on any of our routinely measured and reported quality metrics. For this reason, secondary outcomes relating to other aspects of quality care were also compared. These outcomes were patients requiring opioid in recovery, immediate complications, patient satisfaction, theatre delays, and ultrasound video recording.
Primary and secondary outcomes were compared pre-and post-intervention using Pearson's chi-square test. Baseline characteristics were also compared (StataCorp LLC 2017. Stata Statistical Software: Release 15. College Station, TX). The level of statistical significance was set at 0.05.
Results
There were 280 regional anaesthesia procedures performed in the six-month pre-intervention phase and 316 procedures performed in the six-month post-intervention phase. Baseline characteristics of each phase are displayed in Table 1 . The intervention was associated with a statistically significant increase in checklist compliance (31% versus 91%; P <0.001) ( Table 2 ). There was an increase in the rate of ultrasound video recording (41% versus 61%; P <0.001). Post hoc analysis also revealed an increase in the rate of trainees performing the block as the main proceduralist, however this did not reach statistical significance (75% versus 81%; P=0.07).
Checklists not being completed occurred most frequently with lower limb blocks in the post-intervention period, however lower limb blocks are also by far the most frequently performed procedure by the block room service. Epidurals and bilateral abdominal wall blocks had the highest rate of the safety checklist not being completed (Table  3 ). Complications were minor and self-limiting in nature.
Excluding the wrong-side block, they were comparable before and after the intervention (Table 4) .
Discussion
Our quality improvement project succeeded in its primary aim of achieving in excess of 80% compliance with the block service regional anaesthesia checklist. This is the first description in the literature that we are aware of where a SB4YB strategy has been shown to be successfully implemented with a high compliance rate across an institution. A previous attempt to introduce a SB4YB policy achieved only 57% compliance despite a high level of local acceptance following a wrong-side block at that institution 6 . We believe that the reason for our success is that we did not rely solely on education and visual prompts. Rather, we restructured the systems and processes of the block room such that the checklist was incorporated into its culture.
Anytime an additional task is introduced into a complex system it has the potential to cause unforeseen consequences, be those detrimental or beneficial 11 . It is easy to underestimate the problems with checklists, or be unjustifiably optimistic about their chances of success 12 . The mandatory introduction of the checklist into the regional anaesthetist's workflow has the potential to paradoxically reduce the overall quality of care. Time, focus and energy devoted to a poorly-designed or ineffective checklist may result in distraction, reduced situational awareness, cognitive overload and increased time pressure, all of which are recognised risk factors for wrong-side block 1 . Data is presented as number of checklists completed/total number of regional procedures (%). Data are presented as n (%). Data are presented as n (%).
Thus, the success of achieving the primary goal of more than 80% compliance with the checklist is only a true success if there is no associated cost in terms of reducing the overall quality of block room care. This was the rationale for evaluating secondary outcome quality metrics. The finding that no quality metric was worse in the post-intervention period compared to the pre-intervention period was reassuring.
Furthermore, the rate of ultrasound video recording actually increased by a statistically significant margin. The rate of trainees completing blocks was also higher in the post-intervention period, although not statistically significant. It is possible that observed improvements such as these are an unforeseen positive consequence of the enhanced team focus that was triggered by completing the checklist.
It remains to be proven whether or not a checklist can successfully reduce the rate of wrong-side block. Nevertheless, checklists do have a good track record when it comes to reducing the risk of perioperative complications.
The World Health Organization surgical safety checklist has previously been shown to reduce the rate of death and complications in a diverse global population 10 . When studied in first world hospitals with an already high standard of care, this checklist successfully reduced complication rates in the Netherlands 13 , however these findings were not replicated in Ontario, Canada 14 . Wrong-side lower limb blocks (especially femoral nerve blocks) tend to be reported more frequently in the literature compared to wrong-side upper limb blocks 1, 4 . This may be because lower limb blocks are more frequently undertaken in clinical practice. Alternatively, it may be that anaesthetists are more prone to make a wrong-side error when performing lower limb blocks. Our audit demonstrated that lower limb blocks were the unilateral procedure most frequently performed without a checklist being completed. However, the high volume of lower limb blocks performed should be taken into account when considering this.
The most dramatic improvement in checklist compliance was seen in blocks where laterality was a consideration and therefore there was a risk of wrong-side block (i.e. upper limb blocks, lower limb blocks and paravertebral blocks). Checklist use for epidurals showed a more modest increase from 12.5% pre-intervention to 65% post-intervention. Likewise, checklist usage for bilateral abdominal wall blocks increased from zero pre-intervention to 50% post-intervention. This may be because the perceived value of using the checklist is lower when there is no risk of wrong-side block. A legitimate target for future audit cycles would be to increase checklist usage to as close to 100% as possible for all blocks, not just those where laterality is a consideration.
Our study has a number of limitations. First and foremost, it was not a randomised study. It is possible that the improved checklist compliance may have occurred organically in the aftermath of the wrong-side block when staff were more motivated with the incident fresh in their minds. We hope that we have used this incident to foster a lasting cultural change that persists well into the future. Further audits of checklist compliance will evaluate this.
Secondly, our results may not necessarily be generalisable to other institutions that do not operate a block room model of care. This model of care allows a targeted intervention with a relatively small group of motivated and enthusiastic practitioners driving it. Block room models have been shown to improve theatre efficiency and improve regional anaesthesia service provision 15 . Hudson et al also reported a lower incidence of wrong-side block using a block room model, however this did not reach statistical significance 4 . Our findings lend further support to the benefit of the block room model of care.
Thirdly, the collateral benefit of increased ultrasound documentation may be the result of confounding variables unrelated to the checklist. However, the objective of this project was not to prove a causal link between the checklist usage and improvements in quality. The absence of an associated reduction in quality metrics was sought in order to demonstrate that high checklist compliance did not come at the cost of reduced quality. A prospective randomised trial would be needed to answer the question of whether the checklist itself caused any improvement in quality metrics.
Finally, even if checklist compliance is maintained at this standard, this obviously does not guarantee a wrong-side block will not occur in the future. Hudson et al reported three wrong-sided blocks following introduction of a similar mandatory block time-out policy. All three instances contained major violations of the time-out protocol 4 . The challenge is how to maintain a high rate of checklist usage within an institution long-term, without the checklist degenerating into a tick and flick exercise that is honoured more in the breach than the observance.
Conclusion
A targeted intervention promoting the use of a pre-block safety checklist has resulted in a SB4YB moment being performed in more than 90% of blocks in the block room at our institution. This high uptake of the checklist, if sustained long-term, has the potential to reduce the risk of wrong-side block. Adoption of the checklist was not associated with any reduction in quality of care with regards to block efficacy, theatre efficiency, complication rate or patient satisfaction, and may have improved the rate of video documentation. These findings suggest that thoughtfully implemented, evidence-based checklists have the potential to drive improvements with regard to quality and safety in regional anaesthesia.
